ABSTRACT: Predictability in both meso-and microscale distribution of southern right whale Eubalaena australis females off the coast of South Africa is attributed to maternal philopatry, as well as favourable environmental conditions (calm water, generally shallow sloping, sedimentary sea bed) conducive to reduced energy consumption and a lowered risk of injury for both cows and calves. Spatial differences in reproductive success were compared between favoured (nursery) and nonfavoured (non-nursery) areas and related to environmental differences in those areas. Reproductive success was inferred from analysis of calving intervals (3 yr = successful, 2 and 4 yr = unsuccessful; n = 808 calving events). Resighting rates as well as differences in distribution between experienced cows (3 or more calves) and inexperienced cows (1 or 2 calves) were also analysed. Less experienced cows were found to have significantly more unsuccessful calving intervals than experienced cows. No relationship was found between calving success and spatial distribution using calving interval analysis. Significant spatial differences in stranding rates of neonatal calves strongly suggest higher rates of calf mortality in areas dominated by non-cows, independent of environmental conditions. Social structure within wintering grounds was concluded to be more important than previously thought and potentially as important as environmental conditions for calf survival.
INTRODUCTION
Southern right whale cows exhibit philopatry to their coast of birth and (to a lesser degree) particular bays (Best 2000a ). This philopatry may be at least partly responsible for the highly predictable distribution pattern that both cow-calf pairs and unaccompanied whales have shown along the South African coast since 1969 (Best 1981 (Best , 1990a (Best , 2000a . The distribution is segregated generally into 3 concentration areas: St Sebastian Bay, De Hoop and Walker Bay, the first 2 of which are dominated by cow-calf pairs, and the third by whales without calves (here called 'unaccompanied whales'), although both classes of whales can be found in any of the 3 areas, and many whales fall outside these main concentration sites. As well as philopatry, it was suggested that the greater preference exhibited by whales for certain areas may be related to particular environmental features (Best 2000a) .
It has been shown (Elwen & Best 2004a ) that the majority of right whales along the South African coast occupy environmentally similar areas. The 3 main areas of right whale concentration are all reasonably protected from open ocean swell and prevailing winds of the season, and have predominantly sandy shores and substrates. Cows with calves occur significantly closer to shore and in shallower water than unaccompanied whales (Elwen & Best 2004a) . The benefits of calm water are believed to be mainly that of energy conservation by the calves (Corkeron & Connor 1999) , which are weak swimmers during their early life stages (Thomas & Taber 1984) . Sandy bottoms are thought to serve primarily for reduction of injury compared to rocky bottoms, especially for calves in very shallow water. The sandy bottoms and proximity to shore also have potential acoustic benefits by reducing and/or masking any noises by the cow or calf from potential killer whale predators (Würsig & Würsig 1979) .
Because the majority of whales occupy environmentally similar areas, and occur mostly within a comparatively small range, it was felt that there could be some measurable reproductive or survival benefit associated with using these areas. Since 1979, photography of cows with calves for individual identification has been carried out annually (Best 1981 (Best , 1990b (Best , 2000a . The ability to individually identify right whales has allowed inter alia for the collection of data on return rates of individual cows to particular areas, movements of individual animals, inter-calf intervals and age at first parturition for those animals identified both as calves and mothers (Best 2000a , Best et al. 2001 . In this paper, the observed calving intervals of individual females have been used as an index of reproductive success. In addition, the incidence of stranded neonates has been used as an index of neonatal survival. Both indices have been examined in relation to coastal distribution.
MATERIALS AND METHODS
Since 1979, aerial surveys for photography have been performed once a year in early to mid-October and have covered the area between Muizenberg (False Bay) and Nature's Valley (Plettenberg Bay) (Fig. 1) . For details of the survey procedures see Best (1990b) . Because surveys pre-dated the adoption of global positioning systems, positions of animals were described relative to adjacent landmarks, and were thus not very precise. For analysis, the coastline was divided into 'bins' 20 min of longitude wide labelled from west to east as A to X, after Best (2000a) (Fig. 1) . For the purpose of this study, whale positions and movements along the coast have been described using these bins (Q to X being excluded because they were only covered by fixed-wing surveys with no photography of animals). Data through to the 1999 survey have been included in this analysis.
Because the distribution of right whales is highly concentrated in some areas but not others, data outside of the 4 most densely populated bins (C, F, G, H) were summed to increase sample size. These low density bins were split into 2 categories: bins containing potentially attractive calving areas that currently have low density (A, B, D, E, K, L, O) and bins that have very low potential attractiveness for cows (I, J, M, N), based on conclusions of Elwen & Best (2004a,b) . These grouped areas are referred to as 'GLD' (good bin, low density) and 'Unatt.' (unattractive areas), respectively.
The Mammal Research Institute's data set of all known cetacean strandings along the Western Cape coast from 1963 to mid-2000 was available for study. The positions of all right whale calves (animals < 8.0 m in length) reported stranded (live or dead, none reported with obvious anthropogenic causes) during this time period were noted and assigned to equivalent survey bins. Animals stranded on the west coast were grouped together because whale density here is considerably lower than on the south coast and any further spatial breakdown would reduce samples to an unusable size (see Best 2000a) . The west coast in this analysis is regarded as that area west of the standard survey range, from Muizenberg around the Cape Peninsula as far north as St Helena Bay (Fig. 1) . Data generated from all the aerial surveys (of the standard survey area) were used to create expected numbers of stranded calves based on the average proportion of cow-calf pairs photographed in each bin. Because of the relative scarcity of survey effort on the west coast, the number of expected strandings on the west coast was based on the proportion of cow-calves found in this entire area (6.6%) as described by Best (2000b) . The actual and expected distributions of the 34 stranded calves were compared using a log-likelihood test, as chi-squared assumptions were violated due to small sample sizes in most areas (Zar 1984) . Calf strandings were similarly summed into GLD and Unatt. bins as for calving interval analyses. Totals of 1397 calving events, 1012 inter-calf intervals and 34 stranded dead calves were available for analysis. The normal inter-calf interval of right whales is believed to be 3 yr (Knowlton et al. 1994 , Best et al. 2001 , Burnell 2001 ) but observed calving intervals between 2 and 21 yr (P.B.B. unpubl. data) have been reported. The occurrence of a 2 yr calving interval is thought to represent the loss of a neonate, followed by ovulation of the cow after 1 yr rather than 2 (Burnell 2001) , since a cow does not have to bear the energetically high cost of lactation (Lockyer 1981) . Interpretation of 4 yr calving intervals is less clear and differs between authors. Burnell (2001) suggests that a proportion of the population may calve normally at a 4 yr interval due to the high proportion of such intervals (14%, n = 57) in the Australian population. Knowlton et al. (1994) interpret a 4 yr interval in North Atlantic right whales to indicate loss/abortion of a putative second calf early in a pregnancy, thus the cow does not have to bear the cost of either pregnancy or lactation, and effectively has 2 resting years between successive calves. Alternately, in situations where food is scarce, cows may require 2 resting years between calves in order to regain the required body condition. However, the occurrence of 4 yr calving intervals is much lower in the South African population (8%, n = 808) than either the Australian or North Atlantic populations, and in this study 4 yr calving intervals are assumed to represent the loss of 2 successive calves with the second calf going undetected. Yet this assumption is first tested by examining the incidence of 4 yr intervals with age. A calving interval of 3 yr was classified, therefore, as 'successful', and intervals of 2 and 4 yr as 'unsuccessful'; calving intervals longer than 4 yr were ignored due to difficulties with interpretation (thereby reducing the sample to 808 inter-calf intervals).
Based on the assumption that some areas may be more suitable as calving grounds than others and result in more successful calvings, the occurrence of successful and unsuccessful calving intervals was compared for different areas along the coast. Furthermore, because it was possible for cows to change areas after having a successful or unsuccessful calving interval, the bin occupied after successful and unsuccessful calving intervals was also analysed.
The tendency for a cow to be photographed with successive calves in the same bin ('stay') or different bins ('move') was also analysed in relation to the bins concerned. Site fidelity was analysed under 2 definitions, the strict definition being a resighting of a cow with its next calf in the same bin, and the broad definition a resighting in the same or an adjacent bin (as used by Best 2000a). As a measure of the experience of cows, animals were classified as 'inexperienced' if they were photographed for the first or second time with a calf, and 'experienced' if they were photographed with their third or subsequent calf. If 'inexperienced' mothers are less successful than experienced mothers, they might be expected to occupy substandard habitat or different bins than experienced mothers. The distribution of experienced and inexperienced cows per bin as well as the tendency for cows to 'move' or 'stay' at each level of experience were analysed. In the beginning of the survey series, all cows were by definition 'inexperienced' since they had never been seen before. To compensate for this, only data from 1988 onwards (or after 3 possible calving intervals) were analysed; as with the modelled re-sighting rate (76 to 81%, Best et al. 2001) , there would be a 99.1% probability that a cow would have been photographed at least once if it had given birth 3 times in the interim. This means that after 1988 a cow seen for the first time with a calf would most likely have been an actual inexperienced individual. All comparisons in the above analysis were done using a chi-squared test to compare actual distributions with those expected from the null hypothesis of no difference between any of the tested factors.
RESULTS

Using 2 and 4 yr calving intervals as indicators of reproductive failure
The frequencies of 2, 3 and 4 yr intervals following the first, second and third to fifth recorded calves are shown in Table 1 . Both 2 and 4 yr intervals show a similar pattern when compared to 3 yr calving intervals, in that the proportions of such intervals are highest after the first recorded calf than after subsequent calvings (chi 2 = 201.25, p < 0.005, df = 3, for 2 yr and chi 2 = 6.98, p = 0.008, df = 3, for 4 yr intervals). Consequently, we opted to use the incidence of 2 and 4 yr calving intervals together as an indication of reproductive failure and have summed them in all other analyses.
Calving success and coastal distribution
No pattern was found to indicate a higher proportion of more successful calvings in some bins rather than others (chi 2 = 4.63, p = 0.46, df = 11) (Fig. 2a) . Nor were cows more likely to occupy certain areas rather than others after having either a successful or unsuccessful calving interval (chi 2 = 0.88, p = 0.97, df = 11). Cows initially seen in the 4 main bins (highest occupancy areas) were more likely to be resighted with their subsequent calves ('stay') within the same bin than in the rest of their range (chi 2 = 36.1, p < 0.001, df = 11). This pattern was further accentuated when a 'stay' was broadened to include an adjacent bin (chi 2 = 156.0, p < 0.001, df = 11) (Fig. 2b) and was shown more strongly in the nursery areas (Bins F-H) than any other bins.
Cows were not found to move or stay more after either a successful or unsuccessful calving interval when using the broad definition of 'stay' (chi 2 = 2.38, p = 0.123, df = 3). However, they were more likely to move after a successful calving interval when using the strict definition of 'stay' (chi 2 = 311.5, p < 0.001, df = 3).
Reproductive experience and coastal distribution
No differences in the ratios of experienced and inexperienced cows were found between the different bins for the post-1988 distribution (chi 2 = 4.62, p = 0.464, df = 11) (Fig. 2c) . Bin F (De Hoop) had the highest proportion of experienced cows (56.8%) while Bin C (Walker Bay) had the lowest (42.8%) (Fig. 2c) . The number of times a cow had calved had no apparent influence on their tendency to remain in or move from the particular bin where they were first photographed, when using either the strict or broad definition of 'stay' (strict: chi 2 = 0.75, p = 0.944, df = 9; broad: chi 2 = 3.54, p = 0.472, df = 9); nor was any pattern evident for any change in behaviour with experience.
Neonatal mortality and coastal distribution
The raw distribution of all stranded calves per bin in the Western Cape is shown in Fig. 3a . When grouped for analysis, the distribution of stranded calves is significantly different to that predicted from the distribution of cow-calf pairs along the coast (G = 21.453, p < 0.05, df = 11) (Fig. 3b) . The expected and observed distributions were very similar in Bins F and G, while fewer animals than expected stranded in St Sebastian Bay (Bin H). In all other areas more calves stranded than would be expected from the number of cows present; this is most noticeable in Walker Bay and along the west coast, but is also evident for low density, potentially attractive calving areas.
DISCUSSION
The distribution of cow-calf pairs along the South African coast is clearly biased toward certain areas (Best 1990a , Elwen & Best 2004a ). While Best (1981 Best ( , 1990a reported that some areas (Bins F, G, H) were used as nurseries, he found that another area (Bin C) was dominated by unaccompanied whales and may be a 'mating' area. Whale density is much higher in these areas than along the rest of the coast, and this high degree of clumping has a considerable influence on any study of distribution. The use of calving intervals in this paper as an indicator of reproductive success is supported by the higher proportion of unsuccessful calving intervals occurring in inexperienced mothers. The tendency for reproductive success (measured as either surviving offspring or variations in the sex ratio) to increase with age is a welldocumented phenomenon, predicted by life history theory (Stearns 1992) . This pattern has been observed in ungulate artiodactyls (mountain goats) (Côté & Festa-Bianchet 2001) and both southern (Wilkinson & van Aarde 2001) and northern elephant seals (Reiter et al. 1981) . The phenomenon has previously been suggested as the reason for the small size of most stranded right whale calves, as smaller (and presumably younger) cows have smaller calves (Best & Rüther 1992) . Life history theory predicts that for iteroparous animals with parental care, parental experience increases with age along with reproductive success (Stearns 1992) and older females may offer better care or protection to their young (Reiter et al. 1981) . It is not clear whether the higher mortality of firstborn right whales is the result of reduced parental care or physical inadequacies of the calf.
The lack of any spatial pattern associated with successful or unsuccessful calving intervals indicates that there is no reproductive benefit associated with the different areas. However, the data set used for this analysis does have certain limitations that may also influence results. The aerial surveys occurred fairly late into the season to maximise the number of calves seen: because peak calving occurs in August (Best 1994) 
Bins or groups of bins (Burnell & Bryden 1997 , Best 2000a . Thus it is possible that the bin in which a whale is photographed with a calf in October is neither the bin in which the calf was born nor the bin in which it spent its early post-natal period (when calves are at their most susceptible). The late timing of the survey, as well as the instantaneous nature thereof, could thus have considerable influence on the data used here. With the above proviso, the fact that cows are not preferentially moving to specific areas after having an unsuccessful calving interval (i.e. losing a calf or 2) can be interpreted in 2 ways. Either they do not learn from experience and continue to return to an area where a calf was lost, or there are no reproductive benefits associated with moving to a particular area rather than any other. Since the distribution patterns of these animals have been predictable and stable for as long as the surveys have been run, and the majority of cows have been found to occur in areas that are environmentally similar, there must be some benefit for cows to return to these areas each year. Best (1990a) showed a net immigration of cow-calf pairs into what he termed the Cape Infanta nursery region (Bins E-I), resulting in a low or zero increase rate of cow-calf pairs throughout the rest of the survey region. This pattern of movement is largely responsible for the higher rates of resightings found in the nursery area by Best (2000a) as well as in this analysis, since cows were more likely to move to this area than away from it. Cows appear to be treating the entire nursery region as 1 area and have been noted to move between its 2 main sub-areas both within and between years (Best 2000a) . Best (1990a) only attained a 26. 9% (1979-1987) resight rate for cows in the Walker Bay region (regarded as Bins A-D in this paper), which is considerably lower, despite a broader scale, than the rate attained either in Best (2000a; 1979 -1998 38.5% broad) or in this paper (1979-1999: 35 .5% strict; 39.6% broad, Fig. 2b ). The considerable increase in resight rates between the 2 periods reflects the strong increase in importance of the Walker Bay area for cows with calves since the early 1990s (Elwen & Best 2004a,b) . Best (2000a) suggested that the higher fidelity to the nursery region could be related to environmental characteristics which make this area more attractive for cow-calf pairs. Elsewhere we have shown that although environmental features are important and the majority of animals occur in 'attractive' areas, other environmentally attractive areas occur throughout the survey range with very low whale density (Elwen & Best 2004a) . So although environmental characteristics may be important in a calving area, it is possible that the presence of numbers of other cow-calf pairs is also an important factor, that is not necessarily expressed as increased calving success per se. The 'dilution effect' is one acknowledged benefit of group-living in cetaceans (Connor 2000 , Whitehead & Mann 2000 . The aggregation of cow-calf pairs in a nursery area has the dual benefit of reducing the odds of predation per individual calf (Whitehead & Mann 2000) as well as diluting the occurrence of male harassment that can be fatal to calves (Connor 2000) .
The lowest proportional occurrence of stranded calves occurs in St Sebastian Bay, which has been the longest-standing calving area within the nursery region over the last 30 yr (Elwen & Best 2004a) , while strandings in the remainder of the nursery area are close to expected values. The higher than expected number of calf strandings in the rest of the range, particularly along the west coast, could reflect some adverse characteristic in these areas. This characteristic is unlikely to be a feature of the physical environment, such as shelter from wind or swell, nature of substrate, slope of sea floor or presence of river mouths, as Walker Bay, False Bay and several other regions share similar such features with the De Hoop area (Elwen & Best 2004a) .
The areas found to have a higher than expected number of calf strandings are all characterised by having a higher density of unaccompanied whales than cow-calf pairs (Best 2000 , Elwen & Best 2004a . Harassment either of the calf or the mother by other right whales could play a crucial role in the survival of neonatal calves. Records exist of calves being separated from their mothers by other individuals, and cows are thought to purposely avoid the very active socialising behaviours of unaccompanied animals by moving closer to shore (Thomas 1987) . It is thus possible that the presence of a high number or proportion of unaccompanied whales is detrimental to the survival of neonatal calves, especially those of inexperienced mothers that may lack the ability to avoid harassment.
This conclusion depends on the assumption that the incidence of reported strandings is representative of the true distribution of mortalities. In reality, currents and the presence of interested observers can influence whether and where a dead calf comes ashore, and whether it is reported, respectively. Furthermore, as almost all the stranded calves in the data set are smaller on average than their contemporaries, they probably died very soon after birth or were stillborn, and may be first-born young of inexperienced mothers (Best & Rüther 1992) . Potentially, their deaths could be the result of factors other than harassment, such as their mothers' lack of care or poor nutritional condition.
Cow-calf pairs have also been noted to segregate from other whales at larger scales both in South Africa (Best 1990b) and Argentina (Payne 1986) , and the segregation of cow-calf pairs from unaccompanied whales in both longshore and offshore directions (Best 2000a , Elwen & Best 2004a suggests there may be a benefit for cows with calves to avoid contact with unaccompanied whales. The higher losses of calves incurred by new mothers indicate that in addition to body condition and cow size, the mother's experience in avoiding or controlling contact with non-mothers could play a crucial role in the survival of neonatal calves. This is probably at its most important in the small Stage 1 calves where, if separated, the calf requires the approach of the mother to re-establish contact (Taber & Thomas 1982) . Since most calves have grown beyond Stage 1 by the time the aerial surveys were performed, it is perhaps not surprising that few correlations were found between reproductive success and coastal distribution.
These findings indicate that the presence of a 'nursery area', where the number of unaccompanied whales is relatively low and the presence of other cow-calf pairs potentially dilutes contact with non-mothers, could be at least as important to cows as being in an environmentally suitable area. Social structure within the nursery area could therefore potentially be of greater importance to reproductive success than previously thought.
